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This report was prepared by M. C. Huisking, Engineering Project
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i INTRODUCTION

This is the twentiath monthly progress repart to the National Aeronantics

and Space Administration (NASA) under Contract NAS {-1330. This report covers

testing. and delivery of Algol solid vocke! mators for the Scout

§

2Tiouie. bhe pregram has u:idt:::'gom- numcerous redivections since it was initisted:

@ BolTmary of the orogram bistory is as toliows:

PROGRAM MILESTONES :
Date Event
June 1961 The Algol I phase of the program was estiblished with the receip:

ef aletter of intent covering 17 Algol T motors: 16 delivery mo-

tors and one motor for static firirg.

Nevember 1961 Direction was received for the des velopment of a rew motor
{designated Algol TTA) and the reduction of the number of motors
:n the existing Algol I phase.

January (662 Ammendment to the contract was received that reduced the mum -
ber of Aligol I motors to nine. The original l\lgal I phase con-
sisted of the design, development. znd testing g of 14 Algol (1A
motors: ten delivery motors ard four motors for stat;c §ir: ngs:
delivezy of three A]gm Duzl Transporters; and tooling for LTOO -
essing four urits pev month,

Fevronary 1962 Contract negotiations were completied o 3cope of work delined
in January,
April 1082 Contract change rotic ;C N) 1 was rece ved for the fabricat an
and delivery of two bw rescopes.,
ne 1762 A contract was negotzated fov a follow-cn order for the delivery

of 13 additional A?go.L IIA motors,

Movember 1962 Direction w2s received to reduce the A'ﬂo; TA motor delivery
rate from fonr to tws units per month, whkich extended the
delivery schedule by 6 months,

December 1962 Authority was received to proceed with rehsbiliis ating the Algo:
iTA-3 chamber for an additioral {fifth? siatic test,

Jaruary 1963 Dhirection was received for the [10th staric test to he con d:@ taed

as proposed with the Algol ITA-3 rehahilitated chismbes

[y
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v, ntroduction {(cont, )

The Algol I phase of the program was completed in May 1962 and descrip-

tions of this past effort are no longer reported,

The schedule for the Algol TIA program (Figure 1) shows the reduchon in
ths delivery rate for Algol ITA motors from four to two units per month in com -
viiance with the direction received in November 1962. Also scheduled, in
~ccordance with the direction received in January, 1963, is the fifth firing. that
o! the rehabilitated TIA-3 motor, IIA-3 (Rehab). The firing 1s scheduled for
February 25.

T SUMMARY

The production schedule was accelerated during the month of January te
compeneate for the delay in December caused by the difficulty in obtaining a suit-
able hard core. Motors SN 15, 16, 17, and {8 were all cast 1n January and the
production effort is now back on schedule. The I[A-3 rehabilitated chamber was
originally scheduled to be completed by 7 January 1963, but, beczuse of insula.
tion problems, was not completed until 31 January 1963, The casuing date was
thevefore not met and motor SN ITA-18 was cast in 1ts place, Motor ITA-3 ‘Rehab)
will be cast the second week in February 1963, and the firing was pcstponed {from

16 to 25 February 1963,

Mctor JIA-13 is ready to be radiographically inspected ard dehiveved zs
scon as the nozzle 1s installed., Motors [TIA-14 and -15 will be sent to Naval
Ammauaniton Depot (NAD) Concord, Calif., for radiographic inspection, Motors

TA-1€ and -17 are in process.

Laboratory and subscale-mctor firing data are being coilected Jor the

Vatd

purnming -rate study being conducted concurrently with the development program.

These data will be compared with {light-test data when available,
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summarty (cont. )

'

An igniter-squib test program is also being conducted as a result of a

recent investigation of the entire Scout ignition system.

[

PROGRAM S5TATUS

A, DESIGN

The basic development phase of the program was completed with the
fourth static firing. The last two motors were of {light configuration,and data
trom these tests demonstrated the effectiveness of the design; consequently, the
design of the major components has been established, A f{inal {fifth) motor will

be fived to confirm motor ballistics, acceptabiiity of the aluminum core, ant

agualification of a second-source nozzle from CTL, Santa Ana, Cahf,

ct-

-

A comprehensive study of motor performiance variations and pred
ability will be submitted as a separate report. Information compiled to da'e on
fabrication variations in motor hardware and propellant processing variations
showing good correlation for the somewhat limited data availabie, As the nambar
of motors processed, fired, and/or launched increases, these data will be suppie o
mented and will be useful for predicting Scout-vehicle periormarce.

A summary of motor weights of all Algo! ITA motors produced 1o date

15 presented in Figure 2.
B. FABRICATION

The charnbers tor the follow-on order {13 motors) are being fabri-
cated, The insulated charnber for Algol ITA-22 has been received. bringing the
total insulated chambers received to nine. The neozzie fabrication {ox the fcllow -

w3

~n ovder is proceeding and the first three nozzles were received 1n November:

Zour additional units were received in Januavy, bringing the total veceived 1tosevesn,




Report 0498-01M .20

{dI. B, Fabrication {cont. )

The authority to proceed with the prccessing of the Algel IIA-3 rehabilitated
chamber was received on 4 December 1962, This chamber was irnmediately
shipped to Cell-Bell Chemical Company {or cleaning and to Kevr Products tor
msulating.  The insalating of this chamber was delayed Because the aft upening
'+ the chamber was found to be . 015 in. too small to accommodate the existing
it layup tool. Therefore, it was necessary to fabricate a temporary tool that
zas an adjustable ring. This tool can be used on future chambers that might
have a similar discrepancy. This insulation delay caused the fi ring date of the
1iith static test to be shipped to 25 February 1963,

»

C. MOTOR PROCESSING AND SHIPPING

I, Motor Processing

Processing of the Algol IIA motor was affected by a NASA direc.
tive, TWX 337-338, S. T. Butler to C. W. Parr--Subject: Radiographic Inspec -
tion--Dated 30 August {962, This directive added the requirement to the contract
that all deliverable motors be inspected with either a bovescope or radiograph.
Meotors 1IA-4 through -9 were processed with Styrofoam star points imbedded in
the grain. These Styrofoam inserts were originally used to change the confignra-
tton of the temporary wood cores for a grain-design modification. Because
adequate release agents are unavailable, these inserts are not relcased {rom the
propellant and become an integral part of the motor, The presence of the Styro-
foam in the bore of the grain physically obstructs the use of a borescope for
inspecting the motor interior, fter several attempts. the Styreioam wis mechan: -
cally removed from motors IIA-6 and -7. Motor TTA-7 was borescopically inspec -
ted 1n conjunction with the borescope training program conducted by Aerage -

General for NASA personnel,
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and without any complications.

subsequent motors.

Motor Processing and Shipping (cont.)

Wood inserts were used in motors ITA-10, -1t, -12, and 13

“wo FPhase [ motors, Algol ID-33 and -34:

Mcaoror

FTA-13

ITA-{4

iIA-15

tatus

Nozzle to he installed
To be delivered

To be delivered

In final assembly
Being cured

Being cast

In storage

In storage

2. Shipping

Algol ITA Government-furnished equipment {GFEY now 3 storage

The following summary of the status

Grain Status

Wood 1nsert,

Aluminum
removed

Aluminum
removed

Aluminum
removed

Aluminum

Aluminum

hard

hard

hard

hard

hard

removed

core,

COTe,

COore,

core

core

Steel core, removed

Steel core, removed

at Aerojet-General consists of the following:

Itern

Dual transporter

Dual transporter
(+)
1)

Transtainer('

. {
Transtainer®

Transtainer

[

An aluminum hkard core was used in casting all

the motors ircludes

Inspection Status

To be radiographically
mspected at NAD

To be radicgraphically
inspected at NAD

To be radiographically
inspected at NAD

To be radiographically
inspected at NAD

To be radiographicaily
inspected at NAD

To be radiographically
inspected at NAD

Ng¢ radiographic
inspection required
No radiograph:c
inspection required

AR}

Serial No.

ATT-2
ATT.3
T-10
T.13

T-1
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. C, Motor Processing and Shipping (cont. )

Item Serial No.

APU (temperature comron“’ 2) 109B621179/109B621 (81

APU (temperature control)(l’ 2) 40C634807/40C634808

2
APU (temperature control)“’ 2) 40C634797/4CC634810
APU (temperature contro])(a) 40C6324798/40C634012
APU (temperature control)(z) 70C639496/70CH36879

1) Reference Dwg 0-320359
)

Does not include tie -down chain
D. IGNITER SQUIB TEST PROGRAM

A recent intensive investigation of the entire Scout ignition system
included an investigation of the Algol ITA igniter. As a part of this investigation.
information conceruning the Algol IIA squib performance characteristics was
requested. Data on some of the performance characteristics was submitted by
techaical letter to NASA., Also included were details of a squib testing program
o be sponsored jointly by NASA Contracts NAS 1-1330 and NAS 9-456 to preclude
duplication of effort. Concurrvence in the program has not vet heen received;
hewever, the effort has continued and the tests to which the squibs will be subjected
have been established, The Squib Acceptance-plan Flow Chart is shown in Figure 3,

The following tests will be conducted:

L. Parr-Bomb Heat Output

The heat output will be measured by using samples of the squib-
charge composition, i.e., (a) Holex ignition primer mixture; (b} -AGC-furnished
ionition powder; (¢) AGC -furnished pyrotechnic powder only. The composition
standards will be based on the results of the first lat. All subsequent iots of

composition will be accepted on the basis of the initial-lot test results.
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1, D, Igniter Squib Test Program (cont.}

2. Radiflo Test

Radiflo-test all squibs. Units showing leakage will be rerected.

No-Fire- and Minimnum-Fire Currents Charactleristics

(¥ S}

An experiment based on Bruceton analysis, centered about the

! -amp, t-watt, 5-min no-fire condition, will be performed,

Amperage will be the variable. Each unit will be tested on one
bridgewire only, allowing the unfired units to be used for further testing, with
the second bridgewire. The results will determine the distributior of the no-fire

The lot shall be rejected if the . 999 no-fire reliability at the 95%

amperage,
This test will also give the distributior of

confidence level falls below 1.0 amp.

the minimurn firing current.

Sample size = 40 units

Unfired units left for further testing = 20 {approximatei}

Fire all units at sea-level conditians, at 110°F
. . ‘ . 3 .
d. All units fired ina {,0-in.” voiume chamber

4, Functioning-Time Variance

An experiment based on Bruceton analysis. to derermine the
functioning time at the recommended amperage. ne perfermed, The amperage

—
[

will remain constant and the duration of application will be varied. Each ur.t wii

te tested on one bridgewire only, allowing the unfived urits to be used 1or iurihe~

testing. Results of the test will determine the distribution of the functioning tme,
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111, D, Igniter Squib Test Program {cont.)

The let shall be rejected if the variance about the average exceeds # . 003
miliiseconds at a reliability of . 999 and a confidence level of 95%. The average

wiil be established with the first lot of squibs accepted. All future lots must have

vier mae anverade,
a Sample size = 40 units
b. Unfired units left for further testing = 20 {approximately)
c, Fire units at altitude conditions, at 30°F
, . . . .3
d, All units fired in a 1, 0-in, ~ volume chamber
5. Functioning -Time Curve

The functioning-time curve will be determined by firing four
squibs at cach of the following: X-amps, 2X amps, 4X amps, 8X amps, and (6X
amps, where X is the raise-to-fire amperage as determined in the Bruceton

analysis of the no-fire characteristics,

6. Drop Test

Twelve units (of randem orientation) will be subjected 1o 2 6.6

.. . .3 _

drop test and fired in a 1. 0-in.” volume chamber at sea level and recommended
iring current. This test is for information only arnd will nol be used {for accepi-

reject criteria.

7. Autoignition

. . - . .. . .3
Eight units will be fired at 350°F for 8 hr in a {, 0-in,
volurne chanmiber at sea level and recornmended firing curvent. This test 1s for

infermation only and will not be used for accept-reject criteria,
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111, D, Igniter Squib Test Program (cont. )

8. Pressure Test

Pressure-test all fired units (100} to 2000 psig at 350°F for

2 min. The lot shall be rejected if any units show leakage.
E. TOOLING
The tocling schedule is shown in Figure 4. The third aluminum hard
core was received and inspected, Inspection revealed surface irvregularities and
dimensional discrepancies; consequently, the core was returned to the verdor

1or rework. Receipt of this reworked core is expected the [irst week of February.

Iv. FUTURE WORK

A. Processing of delivery motors will continue during February, Algal
motors IIA-13 through -16 will be shipped to Naval Ammunition Depot, Concord,
Calif. for radiographic inspection. After inspection, the units will be shipped

to their final destinations.
B. The reworked third hard core will be received.

C. Fabrication required for the follow-on eorder of 15 sets of 1nert parts

wil]l continue.

D, The refurbished Algol IIA-3 motor, designated I1A-3 (Rehaby, :s

i 2
>

scheduled to be statically fired at ambient temperature on 25 February 1963,

Following the firing, preliminary ballistic, thermal. and jet-vane-force duata

will be reduced and forwarded to NASA for review,
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